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Renewable energy changes the electricity system

Source: http://ilsr.org/challenge-reconciling-centralized-v-decentralized-electricity-system/

Main challenges in electricity modelling but very important to model the full energy system since (1) 

electricity is fundamental for the overall efficiency improvement;  (2) necessary for optimal (with view to 

efficiency, cost, climate protection goals, etc.) allocation of electricity to specific demand sectors:

- Distinguishing between centralized and decentralized generation

- Representing electricity grid from high to low voltage

- Identifying  storage options and new business models, e.g. prosumers

- Capturing the intra-annual variability of renewable generation and demand 

- Assessing interactions between demand and supply
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Methods, Models and Databases
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New Technologies
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Å Energy systems models are the main tool for assessing long-term transformation strategies

Å The STEM model represents the Swiss energy system from resource extraction to end-uses

Å It is a bottom-up cost optimization model with long time horizon (2015 ς2100) 

Å It has high hourly resolution and high technological detail (> 350 processes/technologies)

Å {ƛƎƴƛŦƛŎŀƴǘ ŘŜǾŜƭƻǇƳŜƴǘ Ƙŀǎ ōŜŜƴ ŘƻƴŜ ƛƴ {¢9a ǘƻ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎŜŎǘƻǊΩǎ ŎƘŀƭƭŜƴƎŜǎ

The Swiss TIMES energy systems model (STEM)

Swiss TIMES Energy system Model (STEM)
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Å Each grid level is differentiated in terms of transmission cost and losses

Å Different types of power plants and storage options can be connected to each level

Å A linearized approximation of the power plant unit commitment problem (dispatch) is formulated

Å This structure allows for capturing the effect of incentives for decentralized generation and the benefits 
of own consumption and/or selling excess supply to upper grid levels (prosumers)

Centralized vs decentralized supply & grid levels
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ELECTRICITY GENERATION MIX IN 2050 

REFERENCE SCENARIO

REPRESENTATION OF CENTRALIZED/DECENTRALIZED GENERATION

AND DIFFERENT GRID LEVELS IN THE STEM MODEL

+50% increase in 

Solar PV when the 

prosumer concept 

is represented

Grid levels 2, 4 & 6 are transformers Source: PSI/Kannan & Panos, 2017
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Å The detailed transmission grid is mapped to an aggregated grid with 15 nodes and 319 lines

Å The mapping is based on a fix disaggregation of the reduced network injections to detailed network 
injections, by taking into account the grid transmission constraints

Å This structure allows for evaluating the impact of grid congestion on electricity supply and demand

Representation of transmission grid

7 regions + 4 nodes for At/DE/IT/FR + 

4 nodes for the existing nuclear plants

REPRESENTATION OF AGGREGATED

ELECTRICITY TRANSMISSION GRID

IMPACT OF GRID CONGESTION IN MARGINAL 

COSTS OF ELECTRICITY, 2050 (Reference)

No grid means no representation of grid constraints

The different cases correspond to different locations 

of large gas power plants; grid expansion is limited 

to 2025 plans
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